2 mm. higher than the pressure in the intra-ocular fluid. But that observation had bearing on the pressure in the vein or lymphatics, through which absorption went on, namely, Schlemm's canal. Histologists agreed that this canal was in communication with the venous system. There could not be filtration through an ordinary vein, because the direction of the tissues round the vein was concentric. If the pressure in the tissues was higher than in the vein, the vein collapsed. Dr. Hill showed that filtration occurred into the venous sinuses of the cranium, and filtration would take place into Schlemm's canal if the pressure in the eyeball was higher than in Schlemm's canal. By measuring the pressure in the retinal veins one could not tell what was the pressure in Schlemm's canal. The other point raised by Mr. Flack had reference to the general physiological question of absorption of lymph, and Mr. Flack said the lymph flow was never due to pressure, but to the pulsatile action of the organs, respiration, &c. There was one part of the body where, at any rate, one could get a lymph flow with extreme ease, and show that it varied with the pressure, viz.-in the liver. If the pressure were raised in the capillaries of the liver, a flow of lymph was produced which lasted long after the animal was dead, in fact, so long as there was a positive pressure in the hepatic capillaries.
In conclusion, he would point out once again that the production and pressure of the intra-ocular fluid was proportional to the capillary pressure in the eyeball; and if one wished to explain the production of intra-ocular pressure, it was easier to say it was filtration. If it were proved that it was not filtration, it must be assumed that the ciliary epithelial cells took an active part; they did not modify appreciably the composition of the transuded fluid, and they let the fluid pass in proportion to the pressure of blood in the capillaries of the eyeball. He believed that at the present time there were no facts which proved that the filtration theory of the formation of intra-ocular fluid was wrong.
Professor LEONARD HILL, in reply, said he believed that the prosecuting counsel ended up a trial, but he felt more like the defendant. Mr. Erskine Henderson, in a review of their work, said: " The authors of this paper, on a very small substratum of actual experimental work, came to the conclusion that all previous workers on the subject are 'hopelessly in error.'"' He was glad to have that point of view put forward so clearly, because he believed their views were right, and would be accepted finally by all, and such a statement gave these 'Ophthal. Rev., 1912, xxxi, p. 360. the priority. He looked upon the circulation in the way which Mr. Flack had indicated-namely, that it was the function of the heart to deliver blood into the capillaries of the body-these latter were to be compared to the water-channels in a morass or bog, as they formed intercellular spaces or lacunae all over the body. The heart had done its work when it had delivered blood into the capillaries; the blood was squeezed from the morass of capillaries into the (valved) veins by the action of the skeletal muscles and impelled by gravity on each change of posture. The capillaries of the hand gradually became distended on holding it down; on clenching the fist or holding it up they became blanched, showing the great effect of muscular contraction or change of posture. Mr. Parsons spoke of the influence of the involuntary muscle surrounding the eyeball; this by squeezing the eye would affect the circulation in it; so would the contraction of the ocular motor muscles and the intrinsic muscles of the eye. There was also the pull of the tissues by their chemico-physical power, pulling fluid out of the capillaries, and driving it back into the capillaries as well as pushing it along into the lymphatics. In regard to the instance given by Professor Starling of the liver in the dead animal, he (the speaker) believed it to be due to the liver cells taking up the fluid by osmotic and adsorptive forces, and pushing it along the lymphatics; he did not regard the flow as due to capillary pressure, for one knew the capacity of cells to absorb substances from the peritoneal cavity and cause a flow of lymph even after death. As Mr. Flack said, his (Dr. Hill's) work on the circulation in the brain had not been contradicted. The pressure of the brain against the cranial wall was the same as the pressure in the cerebral venous sinuses and that of the cerebrospinal fluid. A slight local excess over this pressure expelled blood out of the capillaries of the brain. What, then, was the cause of the capillary flow? He believed the flow was caused not by a large difference of pressure between the capillaries and the veins, but by the pulsatile expansion of the arteries in such a structure as the brain. With every pulsatile expansion of the arteries the pulse was transmitted through the arterial wall, and the whole brain pulsed up against the skull and that drove the fluid out of the capillaries and veins. If an artificial circulation was established through an organ and the flow was continuous, not pulsatile, the organ became oedematous. In the eye the same conditions as in the brain held good; it did not make any difference whether the eyeball was absolutely rigid or not, as long as it limited expansion of the fluid volume within; the cerebrospinal cavity was not absolutely rigid-e.g., there was the occipito-atlantal ligament.
8Hill: Physiology of Intra-ocular Pressure
The conditions of the cerebral circulation held good, in the child with a membranous anterior fontanel, or in a man and animals whose skull had been trephined and the opening closed by a meembrane.
In such an organ as the brain and eye, when the arterial pressure rose and expanded the arteries, the limits of expansion were quickly reached, and more blood in the arteries could only obtain by diminution of blood in the veins, or expulsion of cerebrospinal, or aqueous, fluid. Diminution in venous volume occurred, and this converted the vascular system of the organ into a more rigid system with a rapid rate of flow, and the blood pulsing out of the veins. With regard to the capillary pressure, Professor Starling had maintained that it must be 30 mm. of mercury higher than that of the aqueous, so as to maintain filtration against the osmotic pull of the proteins. He (the speaker) Starling was, and that this was only a matter of trial, so that some day they would be in agreement. There was no prejudice in this discussion, and the aim was to get at the truth. In the cat experimented upon the arterial blood-pressure was 140 mm. of mercury, and the aqueous pressure 40'5 mm. Hg. as measured with a needle with a large hole in it, which went in very we'lL The moment the needle was opened in the eye, the compensating bottle was being run up, so very little fluid could escape and drive the air-bubble index outwards; the compensation was done too quickly. To the finger the pressure in this eye felt no higher than in the opposite eye, and he maintained that such readings were correct in cats under ether narcosis and with a blood-pressure of 140 mm. Hg. They took away 50 c.c. of blood from this small cat (weight 255 grm.), and put in 50 c.c. of Ringer's solution. After that the bloodpressure was 125, the intra-ocular, pressure 35 mm. After that the animal was bled again to the extent of 30 c.c., replacing it with 30 c.c. of Ringer's solution. Then the blood-pressure was 70, the intra-ocular pressure 25. There were not quite the conditions which Professor
Starling would say there ought to be; he would say that the arterial pressure ought to be got to 140 again, and then see what the intraocular pressure was. But there was no evidence of the intra-ocular pressure being distinctly raised by the substitution of salt solution for blood. If the blood-pressure fell from 140 to 125, we should expect the intra-ocular pressure to fall from 40'5 to 35. [Professor STARLING: Put in more Ringer, and analyse the plasma.] Another experiment had been carried, further since the last meeting; and they laid great stress on it in proof of their views. He had mentioned what happens on letting out the aqueous fluid: the iris comes forward and touches the cornea, and somnetimes commences bleeding spontaneously. If it did not bleed, it would on gently pressing the animal's belly. Professor Starling explained that by saying there was a great difference between the capillary pressure and the atmospheric pressure. But after the aqueous was let out, if one felt the eye it would feel soft and boggyevery ophthalmic surgeon would agree with that. There was no feeling to suggest tense vessels in the eyeball. And if one had the needle in the eye and allowed the aqueous to flow out and the iris to come forward and it spontaneously started to bleed, and the bleeding point were watched, and the pressure bottle were raised and fluid again run into the anterior chamber, the bleeding was found to be stopped by a pressure of about 10 mm. of mercury. So whatever vessel was bleeding was not at a greater pressure than 10 mm. of mercury. It was probably less, because to obtain a sudden visible cessation of the ha9morihage one raised the pressure more than necessary. He maintained that that was like the capillary pressure which one would get elsewhere, but by the vital secretory power of the eye the capillary pressure was raised to 30 or 40 mm. of mercury. Of course, the pressure in the eyeball varied with the arterial pressure. The secretory pressure of the ciliary body controlled the pressure by varying the relative volume of aqueous and blood, but if the arterial pressure rose more blood came into the eye, the arteries dilated, and the veins were constricted, and so a compensatory amount of room was made. In this way there was more blood in the arteries, less in the veins, a higher pressure pertained in capillaries, veins, and aqueous fluid, and so the intra-ocular pressure was raised. He did not think that, because the pressure in the eye went up with the arterial pressure, it showed that it was a question of filtration.
Professor Starling mentioned last time an experiment which he had made of putting a needle into the eye and measuring the inflow of fluid after cutting out the heart. He (Professor Hill) could not understand the experiment as a legitimate one, because the animal was dead and the circulation stopped. When the fluid began to run in, blood was running out of the eye, pressed out by the fluid. The canal of Schlemm was covered by thin endothelium, unsupported by blood or other liquid on one side under the conditions of this experiment, and fluid pressing in from the needle was bound to rupture it, and then filtration occurred. But there was no proof that aqueous fluid escaped from the eye by filtration in the normal conditions when the venous vessels were full of fluid and at the same pressure as inside the eye. The conditions of the experiment were abnormal. They had been asked to accept the filtration hypothesis at present, because it was a simpler one; but he could not see that it was. He could not find a filtration membrane when he examined the structures under discussion. There was nothing like a rigid membrane, with greater pressure on one side than on the other. Even supposing it was filtration, the nutrition and pressure of the eye were governed differently from other tissues, and its pressure was kept higher to make it a perfect optical instrument. What was it that kept the eye in a condition different from that in the tissues around ? Why should it be kept permanently tense in all states of health and yet the tongue not be kept tense in the same way ? If it were not the living secreting cells of the eyeball which kept it like that, what did keep it ? If it was the circulation which controlled filtration and absorption in the eye, one had to come back to the vasomotor centre and locate the vital quality there. It was much simpler to suppose that the eye by its inherited vital power controlled the intra-ocular pressure and circulation. The cells were acting in a vital manner, not by mechanical means, such as filtration, at all.
With regard to capillary pressure, and what it was, he would draw attention to some experiments. If one placed the web of a frog under the microscope and examined the circulation, one saw the flow going through the arteries with the greatest velocity in the deeper layer of the tissue, but in the superficial network of capillaries and veins it was slow; one could see separate corpuscles moving through the capillaries. If the heart of that frog was ligatured, the circulation did not at once cease, but went on for thirty seconds or a minute, after which it stopped in all the vessels except a few. Sometimes in a vein and the capillaries opening into it the flow would go on for some time. In one such case the flow persisted twenty minutes after the heart had been tied, aria not differing much from the normal speed. And if, when the flow was ceasing, one touched the leg, one got a flow in that vein by very little alteration in the position or pressure on the limb. Roy and Graham Brown had found that an external pressure of 20 mm. of water sufficed to diminish the size of a vein; Roy compressed the web or mesentery with a bag of transparent peritoneal membrane, which he distended with water, pressing the vascular membrane against the microscopic slide, and watching it with the microscope. Twenty millimetres of water-pressure sufficed to narrow the vein, and after the animal was dead a pressure of only 5 mm. of water caused the blood to flow out of capillaries and veins. Similarly he (Dr. Hill) had found that a very slight pressure, nothing like 30 mm. of mercury, would determine the blood flow in the capillaries after ligature of the heart. It took a great pressure to overcome the resistance in the arteries, where the flow was rapid and the vasomotor system came into play; but he thought it needed only the least difference of pressure to cause the flow out of the capillaries into the veins.
With regard to Mr. Greeves's experiments on the dead eye, it must be remembered that the dead eye had lost its blood; the dead eye therefore could he expanded somewhat by pressure of fluid because it was not full of blood; and naturally for the first 10 cm. of mercury its volume would be increased more than subsequently because up to 10 cm. it was being filled up to its normal living condition. And the same could be said of Mr. Priestley Smith's experiment of dimpling the eye, for one thereby pressed blood out. The balloon experiments were very interesting, and he thought the probable explanation was that the rubber wall was several layers thick in the smaller bags, and thus the rubber wall could be more easily distended elsewhere by the pressure of the finger, and felt flaccid. These experiments had no bearing on the discussion except to throw doubt on readings of eye-pressure obtained by the tonometer.
He considered their salivary gland experiment very important, because it provedthatin the salivary glanid the saliva could rise up to a much higher pressure than that in the carotid artery. If the duct were obstructed, one could get a pressure of 200 mm. of mercury, while in the carotid artery the pressure was 150. When they opened the vein coming from the salivary gland under those circumstances they found blood did come through the salivary gland, and as the secretory pressure rose it came quicker and quicker. The reason was that each little salivary alveolus was surrounded with a membrana propria, which they believed to be a very strong rigid structure. The salivary cells pulled in the fluid by their physico-chemical powers from the capillaries, and the fluid began to distend the alveoli when the duct was obstructed, and the veins were then narrowed, and following that the pressure rose in the veins and capillaries and then the vascular system in the gland became more like a rigid syAtem of tubes, and the flow of blood became quicker through this rigid system. The secretory pressure could not obstruct the veins, because the membrana propria became tight, and acted in the same restraining manner as the leather of a football did on the contained bladder. In the case of the eye, he believed the ciliary processes were secreting fluid, pulling it out from the capillaries, and there was nothing to stop the pressure of this fluid acting on the capillaries of the iris, ciliary body and retina, and so the pressure could not rise above that of the veins within the eyeball without stopping the circulation. Professor Starling said the capillaries could stand great pressure without rupturing, because of the thickness of their wall in comparison with their diameter. He (Dr. Hill) had not questioned that: his point was to ask what could the capillary wall do in standing a pressure exerted from outside ? There was nothing to hold it open. There could not be a pressure of aqueous outside greater than the pressure inside, otherwise the vessel would be shut up. He believed the capillaries and tissues to form a boggy mass-i.e., protoplasmic substance with lacunae bounded by colloidal films and the whole permeated with water.
He did not feel that he was a good exponent of his own views; he tried to visualize what went on inside the living eye, but did not think he was a success at making, by means of words, others see what he believed he saw himself. He hoped that by further experiments the important problem would be settled, one way or the other; and if any members would go down to his laboratory and see the experiments he had described, he would be only too pleased to show them.
Note.-Mr. Henderson, in his review, says: "The authors' statenment about the nature of glaucoma, and the modus operandi of operative treatment, is unsupported by any evidence. What the tissue lymph is to immunize, and against what must be left to the imagination," &c.1 In regard to this criticism, Professor Hill and Mr. Flack say that glaucoma is due to some nutritive error in the eye, secondary to degenerative changes which interfere with the circulation, or otherwise caused. The essential point of an operation is not to relieve intra-ocular pressure, but to produce an adequate flow of tissue lymph, and so relieve the nutritional error.
' Ophthal. Rev., 1912, xxxi, p. 363. 
